Background: Leptospirosis has a high mortality rate in north of Iran. Objectives: The current study aimed to assess the clinical and laboratory findings and their possible relationship with complications of leptospirosis. Patients and Methods: The current retrospective cross-sectional study, by reviewing hospital records, evaluated patients with leptospirosis hospitalized in Razi Hospital (the therapeutic center of infectious diseases in Qaemshahr city, in the North of Iran) from 2008 to 2012. The diagnosis was confirmed by increasing the antibody titer in immunofluorescence assay (IFA) or microscopic agglutination test (MAT). Results: Out of 634 patients, 61 subjects (9.62%) had significant complications including: acute renal failure, alveolar hemorrhage, ARDS, clotting disorders, pancreatitis, gastrointestinal bleeding and intracranial bleeding; Age, jaundice, renal and pulmonary involvement (oliguria and anuria), hypotension, leukocytosis, thrombocytopenia, hyponatremia, elevated bilirubin, alanine aminotransferase (ALT), Creatine phosphokinase (CPK), Lactate dehydrogenase (LDH) and erythrocyte sedimentation rate (ESR) increased the risk of leptospirosis complication. Conclusions: Renal involvement is one of the leading causes of death in such patients.
Backgrounds
Leptospirosis is a zoonotic disease distributed worldwide. Leptospira spp. may enter the host through an abraded skin or intact mucous membranes (1) . Although the organism mainly infects the kidneys and liver, any organ may get involved (2) . This disease has a wide spectrum of clinical manifestations that varies from subtle infections to fulminant and fatal diseases. Leptospirosis in its own mild form may appear as a flu-like illness with headache and myalgia (3) . Severe leptospirosis with jaundice, renal dysfunction and abnormal bleeding is known as Weil syndrome (4) . Certain occupational groups are especially at high risk including farmers, veterinarians, sewer workers, and people who work at abattoirs and fisheries industry (5) . Leptospirosis is diagnosed based on the separation of the organism or seroconversion with increasing antibody titer in microscopic agglutination test (MAT) (4) . Symptoms such as jaundice, hypotension, tachypnea and decreased urine volume are the factors that may worsen the prognosis of the disease (6) . Factors affecting the incidence of complications of this disease are studied in several re-searches and there are significant regional differences in this regard.
Objectives
The current study aimed to assess clinical and laboratory findings and their possible relationship with leptospirosis complication. October 13, 2010) . Serum samples of patients with suspected leptospirosis were tested by immunofluorescence assay (IFA) method, if the test was negative, the patient's sample was taken again and the test was repeated by microscopic agglutination test (MAT) method. Any antibody titer greater than 1:800 was considered positive. Data were entered and analyzed, including descriptive statistics with median values. Statistical analysis was performed using the SPSS software version 13.0 (SPSS Inc. Chicago, IL, USA). The descriptive values below 5% (P value < 0.05) were considered statistically significant.
Patients and Methods
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Results
Demographic Features, Clinical Characteristics and Risk Factors
There were 634 patients among which 72.2% were male and 27.8% female. The mean age was 41.25 ± 16.95 years (range, 11 -84). The mean age for females was 44.57 ± 13.86 years and for males 39.97 ± 17.84 years. The difference between these two groups was statistically significant (P = 0.002). The highest incidence of the disease was in the age range of 20 -40 years and the lowest incidence was in below 20. The majority of patients were farmers (76.5%) and in other patients, there was a history of contact with contaminated water or rice farms in different ways. Almost half of the subjects had been admitted to the hospital within three days of onset of symptoms. This rate was 91.5% in the first week and reached to 98.4% in the second week. The average time from symptoms' onset to admission was 4.46 ± 3.59 days. There was no significant correlation between onset of symptoms and serology positive patients (P > 0.05). The most common chief complaints of patients were fever (71.3%), jaundice (6.5%) and myalgia (6%), respectively. The most common symptoms were fever (92.1%), myalgia (79.8%) and headache (60.1%), respectively ( Table 1) . The leukocytosis was observed in 41.8% of the patients and leukopenia in 15.2%. Approximately 67% of the patients had platelets less than 150,000. Also anemia was observed in 21.6% of the females and 28.2% of the males (WHO defined anemia: Hb < 12 g/ dL for females and Hb < 14 g/dL for males) (7) . Hypernatremia and hyponatremia were observed in 32.5% and 5.2% of the patients, respectively. Also potassium level in 8.5% and 5.6% of the subjects were below and above the normal range, respectively. The prothrombin time (PT) test was abnormal (more than 12.5 seconds) in 32.1% of the subjects. Only 27.4% of the patients had normal alanine aminotransferase (ALT) (4 -36 U/L) and the rest were admitted with increased ALT. In 3.5% of the subjects, ALT was more than 300 and in 1.9% above 500. Also AST increased in 73.3%. In 5.9% of the patients, aspartate aminotransferase (AST) was greater than 300 and in 2.3% above 500. ALP levels were normal in 28.5% of the subjects (30-120 U/L). Nearly 40% of the patients had high total bilirubin. The mean total bilirubin was 4.87 ± 0.37 mg/dL in which the lowest recorded amount was 0.1 mg/dL and the highest was 36 mg/dL. The creatinine level increased to 22.1%. Only 2% of the subjects had normal lactate dehydrogenase (LDH). Meanwhile 49.9% of the patients had a LDH greater than 500 U/L and 6.1% were above 1000 U/L. Also a creatine phosphokinase (CPK) level greater than normal was observed in 49.2%. The highest and lowest levels of CPK were reported 10000 and 26 U/L, respectively. Among these patients, 18% had a CPK more than 500 U/L and 6% higher 1000 U/L. In 81.9% of the subjects ESR was higher than normal (≥ 15 mm/h). The maximum ESR was reported 130 mm/hr. In urine analysis, there was pyuria, hematuria and proteinuria, in 25.6%, 34.7%, and 24.8% of the patients respectively. Chest Radiograph (CXR) was abnormal in 5.4% of the subjects which nearly 2/3 of them had reticulonodular infiltration. Hepatomegaly and splenomegaly were reported trough abdominal ultrasound in 15.7% and11.4% of the patients, respectively.
Patients With and Without Complications
Out of the 634 patients, 61 subjects (9.62%) had significant complications including acute renal failure, alveolar hemorrhage, Acute Respiratory Distress Syndrome (ARDS), clotting disorders, pancreatitis, gastrointestinal bleeding and intracranial bleeding; 38 patients (62.30%) were male and 23 (37.70%) female. there was no statistical difference between male and female patients with and without complications (P = 0.10). The mean age of the patients with complications was 45.54 ± 16.83 years; while in the other patients it was 40.82 ± 16.93 that indicated a significant difference between the two groups ( P = 0.039). The average time between onset of symptoms and facing with complicated and uncomplicated situations was 5.01 ± 2.78 days versus 4.38 ± 3.64. There was no statistically difference between the two groups (P = 0.18). The most common complaint of patients about side effects was fever (65.57%), jaundice (14.75%), weakness and lethargy (8.19%), respectively. The most common symptoms were myalgia (88.52%) and fever (86.88%). Jaundice was more common in patients with complications with high significance (P < 0.0001). The mean systolic blood pressure in patients with and without complications was 113.45 ± 18.77 versus 112.46 ± 14.15, respectively (P = 0.61). The blood pressure was not associated with risk of disease complications (RR ≈ 1). Approximately 20% of the patients with complications (n = 12) and 7.73% of patients without complications (n = 44) had CXR abnormalities that showed statistically a significant difference between the two groups (P = 0.003). Table 2 shows the mean of biochemical tests in the subjects with and without complications, separately. A rise of leukocyte and platelet counts and elevation of Cr, bilirubin, CPK, LDH and ESR and decrease of serum level of sodium and potassium, was significantly accompanied with an increased risk of complications. Of these 61 subjects, nine patients died and the cause of death for seven of them was severe kidney problems and two others died due to pulmonary involvement. 
Discussion
The current study evaluated the clinical and laboratory characteristics of patients with leptospirosis admitted to a level 3 hospital. A total of 634 patients were studied and 61 subjects had complications. Jaundice was reported in 33% of the patients and it was significantly associated with disease severity and complications. In a similar study in France, jaundice was observed in 39% of their patients whereas in other studies in Thailand, Brazil and Turkey, this rate was much higher (54.5%, 82% and 75%, respectively) (8) (9) (10) (11) . This difference could be due to the fact that most of these studies reported more severe diseases. Oliguria was observed in 108 patients (17%) of the current study at the time of admission or thereafter, and although its incidence in many other studies was lower than that of the current observation, when comparing the two groups of subjects with and without complications, its rate was significantly higher in patients with complicated leptospirosis. Approximately 45% of the patients had platelet counts less than 100,000. Thrombocytopenia was observed in 30% and 3.47% of the patients in the studies by Orpilla Bautista and Panaligan (12) and Alian et al. (13) respectively, which was very close to the results of the current study. These laboratory findings negatively affected the disease prognosis (14) . Leukocytosis was reported in 41.8% of the subjects, which was associated with mortality in the patients. While comparing the age of the patients with complicated and uncomplicated diseases it was concluded that the average age of the first group was significantly higher. This situation is described due to an increase in kidney, lung and cardiac diseases and a reduction in power of the immune system and represents a need for better management of elderly patients with leptospirosis. The average amount of creatinine in patients with and without complication was 2.47 ± 0.35 and 1.16 ± 0.89, respectively which indicated the need for careful monitoring of this factor in patients with leptospirosis to reduce the mortality and morbidity rates. Among the nine patients who died, the cause of death in seven ones was serious kidney problems and two others died due to pulmonary involvement. In the study conducted by Orpilla Bautista and Panaligan (12), the most common complication that led to death was renal involvement and all patients who died were oliguria. However, in the some other studies, the most common causes of death were pulmonary and pulmonary hemorrhage and ARDS (15) (16) (17) (18) . In the current study 22% of the patients died because of this complication. This difference is due to the fact that pulmonary involvement is usually higher in older patients (more than two-thirds of the subjects were in the age range of 20 -60 years). For example, the average age of patients in the study by Ko et al. (15) was 53.9 ± 15.9; while in the current study the mean age of patients was 41.25 ± 16.9 years. Age, jaundice, renal and pulmonary involvement (oliguria and anuria), hypotension, leukocytosis, thrombocytopenia, hypona-tremia, elevated bilirubin, ALT, CPK and LDH and ESR, will all Increase the risk of leptospirosis complications. Renal involvement is one of the leading causes of death in such patients.
